Summary &horbar; Ruminal protein degradation of soybean meal and field pea were compared using 2 analytical methods: in situ and a laboratory analysis with a proteolytic enzyme extracted from Streptomyces griseus. The degradation of total nitrogen in nylon bags of the feeds was measured between 0 and 48 h in the rumen of 2 cows (theoretical degradability: 70.0% for soybean meal and 94.7% for field pea). Electrophoresis of proteins of feeds and in situ residues, in sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) showed that both species have the same type of proteins (7S and 11 S) which were degraded in a similar manner in the rumen. The 7S fraction was degraded rapidly whereas the 11 S fraction was more resistant. The electrophoretic profiles showed that protein components were less degraded after enzymatic than in situ degradation. In the supernatant after enzymatic hydrolysis, protein and peptides were found in large concentrations and a-amino nitrogen and ammonia in low concentrations. 
INTRODUCTION
In ruminants, the quantity of amino acids that reaches the small intestine depends on microbial protein synthesis and feed proteins escaping ruminal degradation. The degradation of feeds proteins can be affected by the nature of proteins in the feed (Mahadevan ef al, 1980; Wallace ef al, 1987) .
In France, the theoretical nitrogen degradability (DT), on the basis of the PDI (protein digestible in the intestine) system, is computed from dietary nitrogen degradation kinetics in nylon-bag incubation in the rumen (Verite et al, 1987) . It can also be predicted in the laboratory using a commercial enzyme (Streptomyces griseus extract) (Aufrere ef al, 1991 ) . However, the 2 global methods do not take into account the nature of dietary protein and do not explain discrepancy in feed proteins degradation in the rumen.
Ruminal degradation of protein of 2 legumes (soybean meal and field pea) were compared using the 2 methods. The quantity of non-degraded proteins was measured and characterised by electrophoresis.
MATERIALS AND METHODS

Feeds
This study was performed using a commercial soybean meal and a field pea. Samples were ground through a 0.8 mm screen. Total nitrogen (as a percentage of dry matter) of the feeds was determined by the Kjeldahl method (1985) .
Enzymatic incubation
Samples were incubated with pronase (proteolytic enzyme extracted from S griseus type XIV Sigma No P 5147) in a borate phosphate buffer pH 8 for 1, 2, 4, 8 and 24 h at 40°C as described by Aufrbre and Cartailler (1988) . The degradability after 1 h is used in the French PDI system (Aufr6re et al, 1991 (w/v) (Conway, 1957) and a-amino nitrogen according to the method described by Palmer and Peters (1969) . The amount of peptides was calculated by subtracting the amount of total nitrogen in the filtrate from the amount of protein (expressed %N), N NH 3 and N a-amino nitrogen. Nitrogen solubility was measured in a phosphate buffer at pH 6.9 according to the method of Durand cited in Vérité and Demarquilly (1978) .
In situ degradation
The in situ nitrogen degradability was measured using the nylon-bag procedure standardised by Michalet-Doreau et al (1987 Estimates of a, b and c were obtained by fitting the model, using a non-linear regression procedure based on Marquardt's method (Marquardt, 1963) , using the NLIN procedure of the statistical analysis system (SAS Institute, 1985) . In order to compare nitrogen degradabilities of feeds in the rumen, a fractional passage rate out of the rumen of 0.06 per h was assumed (Verite et al, 1987 Thanh and Shibasaki (1976) was used. The proteins were extracted with 0.03 M Tris-HCI buffer (pH 8) containing 10 mM of (3-mercaptoethanol (meal/buffer 1/15 (w/v)). After centrifugation (12 000 g, 20 min), the supernatant pH was adjusted to 6.6 with 2 N HCI. The 11 S globulins precipitated and were separated from the 7S globulins after dialysis against Tris-HCI buffer (63 mM pH 6.6) at 4°C for 3 h and centrifuged (12 000 g, 20 min). The supernatant pH was then adjusted to 4.8 which caused precipitation of the 7S globulins. These were separated by centrifugation (12 000 g, 20 min).
The method of Gueguen and Barbot (1988) was used for field peas. Each extraction (1 h) was performed at 20°C using 1 g of flour and 10 0 ml of buffer. Three successive extractions in phosphate buffer (pH 7, NaH 2 p o 4 , 0.1 M) + K 2 SO 4 (5% w/v) for 1 h were carried out. The extracts were then centrifuged (4 500 g, 20 min). The albumins and globulins were separated by dialysis in distilled water for 96 h, followed by centrifugation at 12 000 g for 20 min. The globulin precipitate was redissolved in Mcllvaine buffer at pH 7 (82.4 ml Na 2 HP0 4 02H 2 0 0.2 M + 17.6 ml 0.1 M citric acid containing 0.15 N N A CI). The pH was adjusted to 5.5, the vicilins precipitated and were separated by centrifugation at 27 000 g for 20 min. Legumins in the supernatant were precipitated at pH 4.8 and separated by centrifugation (27 000 g for 20 min).
Electrophoresis
The proteins of feeds, purified fractions and residues of enzymatic and in situ incubations were fractionated by sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) modified by Laemmli (1970 Spencer et al (1988) , gave similar fractions, convicilin and vicilin, corresponding to the 7S fraction, and legumin corresponding to the 11 S fraction (fig 1 ) . Cheftel et al (1985) , Gueguen and Azanza (1985) and Carter etal (1992) also showed the existence of analogies between the 2 legume species, which both belong to the papillionaceae subfamilly. Pion (1981) and Lailbs (1993) (Finley and Friedman, 1973) . The potentially degradable fraction (b) of soybean meal was higher (77.6%) than that of field pea (26.9%) but was degraded more slowly (c = 0.095/h and c = 0.259/h, respectively). These results agreed with those of Madsen and Hvelplund (1985) and with results obtained from samples of the same species but of different origin (Aufrere et al, 1991 ) .
As we reported previously (Aufrere et al, 1992) , and in agreement with results of Romagnolo et al (1990) , electrophoretic profiles showed that conglycinins of soybean meal are degraded rapidly, whereas glycinins are more resistant (the basic subunits are not degraded and the acid subunits are only degraded slowly) (fig 2) . For field pea (fig 3) , the fraction most resistant to degradation is composed of both acid and basic legumin, whereas convicillin and vicillin are completely degraded in the rumen. Pernollet and Mosse (1983) (Krishnamoorthy, 1982) .
For soybean meal, the electrophoretic profiles of enzymatic residues were different from those of in situ residues at first, while the patterns of degradation were comparable for 8 and 24 h (fig 2) . As mentioned above, the 7S fraction was always rapidly degraded, whereas the 11S fraction was not degraded. In contrast, the electrophoretic pattern of the enzymatic residue of field pea was not the same as the in situ residue. The protein fraction used in the enzyme reaction was partially oxidised in subunits at Mr r 60 000, 45 000 and legumin. As indicated previously (Aufrbre et al, 1991 although the commercial enzymes used (protease extracted from S griseus) are non-specific and have a wide spectrum of activity, they can only partly simulate the activity of enzyme complexes in the rumen.
After enzymatic hydrolysis, the soluble protein fraction from soybean meal represented about 60% of the total proteins after 1 h, with little further change. In contrast, for field pea the solubilised fraction was also 65% after 1 h, but this decreased with incubation time, probably because of protein hydrolysis. The proportion of peptides remained almost constant for soybean meal, whereas for field pea this fraction increased with incubation time. Depardon etal (1994) used the same enzyme to show for soybean meal that peptides of high Mr were hydrolysed to small peptides during incubation. The quantity of protein degraded to ammonia was very low for both feeds (less than 2%). a-Amino nitrogen was also low for soybean meal (5%), and this fraction did not vary with time, whereas for field pea, this fraction was rather large and increased with incubation time.
For soybean meal, the forms of solubilised nitrogen did not change with incubation time, the solubilised proteins remained in the form of proteins and peptides. For field pea, proteins were degraded to peptides and amino acids. The small proportion of ammonia indicates that the enzyme used has only a weak deamination activity compared with ruminal enzymes, since it is known that rumen ammonia concentration is high.
In conclusion, the 2 feeds show great similarity, since both contain the same types of protein (7S and 11 S). 
